Numerous studies have been conducted in the field of Acoustic Emission technology applied to rotating machine fault diagnosis. Principally most of the work to date has been focused on correlating Acoustic Emission (AE) activity to the defect condition on rolling element bearings with limited investigations on hydrodynamic bearings. In developing the AE technology for monitoring hydrodynamic bearings operated under variable speed and load conditions it is essential that a relationship between the operational variables and the generation of AE is established. This paper presents experimental tests aimed at understanding the influence of speed and load on generation of Acoustic Emission in a hydrodynamic bearing. It is concluded that the power losses associated which such bearings has a direct influence on the generation of AE.
Introduction
Acoustic Emission (AE) is defined as the range of phenomena that results in the generation of structure-borne and fluid-borne propagating waves due to the rapid release of energy from localised sources within and/or, on the surface of a material [1] . The typical frequency content of AE is within the range of 100 kHz to 1 MHz. The AE technology is continually developing into a complimentary technology to other condition monitoring technologies such as vibration analysis [2] .
In the application of AE to hydrodynamic bearings (journal bearings) Sato [3] was the first investigator that directly addressed monitoring the integrity of such bearings with AE. Typical problems that are associated with journal bearings include wear and metal wipe which is a direct consequence of the shaft making contact with the journal. Such frictional contact is a prime source of were placed directly onto the test bearing at each end, see figure 2. The senor output was amplified at 40 dB. The 'PICO' type sensor was employed due to its size (5 mm in diameter and 5 mm in height) making it suitable for placement in confined areas. The test involved running the bearing at five rotational speeds and increasing the radial load, starting at 150N, and increasing the load in 50N increments every 5-minutes to a minimum of 400N. The five speed conditions investigated were, 500, 1000, 2000, 3000, and 4000
rpm. The test simulations under each load and speed condition was maintained at 5-minutes as longer operation would have significantly comprised the authors attempts to maintain near isothermal conditions. Over 4 experimental tests programmes were undertaken where the experimental procedure described was repeated.
RESULTS AND DISCUSSIONS
The results of this test are presented in figures 3, 4 and 5. Figure 3 highlights observations of theoretical minimum film thickness (h0) and AE r.m.s measured on the bearing for a fixed speed condition. It is evident is that an increase in load resulted in a decrease in theoretical minimum film thicknesses and a corresponding increase in measured AE r.m.s values. This highlighted the sensitivity of the AE technology is discriminating such small differences in film thickness. Also It must be noted that during these test conditions, the temperature varied by a maximum of approximately ±3°C. All calculations of minimum film thickness and power losses were based on well established procedures [11] .
From figure 4 , it was noted that the change in load had a negligible influence on the level of AE activity for that particular speed condition, however, the change in rotational speed increased AE levels significantly even though the actual predicted change in minimum film thickness with increased speed was of the order of less than 1% for the tests conditions (see Observations showed AE levels increased with power losses, see figure 5 , and averaged data is given in the appendix, table A3. All calculations of power loss at every test condition are presented in figure 5 . It is worth stating that due to the minimal influence of load on film thickness under these test conditions, the power losses associated with varying loads, at the same speed condition, was very similar, see figure 5 . The increase in AE with power loss was not surprising given that increase in speed results in more power loss due to the This equation holds based on the assumption that the load has minimal influence on the film thickness which is the case for this investigation. 
Rubbing Test
A presumption made for most of the results presented is that under hydrodynamic conditions there is no asperity contact between the rotating shaft the bearing. It was thought prudent to assess the sensitivity of the AE measurements to the onset of contact between the shaft and the journal. In the rubbing tests the shaft was forced to rub against the journal. This was achieved by slowly increasing the load on the bearing at the drive end only; the loading of the bearing was changed rapidly at incremental values of 50N force to a maximum load of 400N. Initially the test was run at 1000 rpm (16.67 Hz) with a 50N load for 5 minutes, after which 50N increments were made within a two minute time frame to the maximum load of 400N at the drive end only. Interestingly, at 350N a significant increase in AE levels was noted, see figure 6 . In addition, AE waveforms were acquired at each force increment as depicted in figure 6 . It was noted that associated with the rise in AE levels the AE waveform was modulated at the rotational shaft speed, see figure 6 and 7. Figure 7 highlights a few AE waveforms showing varying degrees of amplitude of the modulated waveform, which is postulated to be a function of the intensity of the rub. Such observations validate the results of others [3, 4] as indicative of a rubbing contact within the journal. 
CONCLUSIONS
The observations presented have confirmed that in a properly maintained hydrodynamic lubrication regime a principal source of AE is the friction in the shearing of the lubricant. It has been shown that an increase in running speed generates higher AE activity in comparison to an increase in bearing load. This is attributed to the powers losses as a direct result of shearing of the lubricant film. Lastly, the application of AE to detection of bearing wipe has been demonstrated and further research is needed to fully understand the influence of operational variables on AE over a much broader operating range, including oil viscosity and bearing material effects.
